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Edited by Judit Ova´diAbstract Acylphosphatase (AcP) activity in prokaryotes was
classically attributed to some aspeciﬁc acid phosphatases. We
identiﬁed an open reading frame for a putative AcP in the
b0968 Escherichia coli gene and puriﬁed the recombinant enzyme
after checking by RT-PCR that it was indeed expressed. Eco-
AcP has a predicted typical fold of the AcP family but displays
a very low speciﬁc activity and a high structural stability diﬀer-
ently from its mesophilic and similarly to its hyperthermophilic
counterparts. Site directed mutagenesis suggests that, together
with other structural features, the intrachain S–S bridge in Eco-
AcP is involved in a remarkable thermal and chemical stabiliza-
tion of the protein without aﬀecting its catalytic activity.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Acylphosphatase (AcP, EC 3.6.1.7) is a small cytosolic en-
zyme widely expressed in vertebrate and insect tissues [1]. AcP
catalyses the hydrolysis of the carboxyl phosphate bond found
in synthetic and physiological compounds such as the b-aspar-
tyl phosphate intermediate of the Na+/K+ and Ca2+-ATPases
and the glycolytic intermediate 1,3-bisphosphoglycerate. The
physiological role of AcP is, however, still a matter of debate.
The AcP fold is highly conserved and shared with other
phosphate binding proteins [1]; it consists of a typical a/b glob-
ular structure with two a helices facing a four/ﬁve-stranded b
sheet. Several proteins belonging to the AcP family have been
extensively studied as model two-state folders using the site-di-
rected mutagenesis approach [2,3]. AcPs are considered as
good model systems for protein aggregation studies as well
due to their ability to aggregate in vitro into ﬁbrillar assemblies
of amyloid type undistinguishable from those deposited in tis-
sue in the various amyloidoses [4–6].Abbreviations: AcP, acylphosphatase; ORF, open reading frame;
DTNB, dithio-nitrobenzoic acid; CD, circular dichroism; Gdn-HCl,
guanidine hydrochloride
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doi:10.1016/j.febslet.2006.11.033Several members of the AcP family from vertebrate tissues
have presently been characterized together with two members
from Drosophila melanogaster [7,8] and some from hyper-
thermophilic archaea including Pyrococcus horikoshii and
Sulfolobus solfataricus [9,10]. Moreover, an increasing number
of putative AcP are emerging from genome projects (see a
nearly complete and revised collection at www.uniﬁ.it/uniﬁ/
scibio/bioinfo/dataset/AcPfullset.html). Recently it has been
reported that the N-terminal domain of the Escherichia coli
hydrogenase maturation factor HypF belongs to the AcP fam-
ily though being devoid of AcP activity [11]. This is of partic-
ular importance in the AcP family studies because it
demonstrated that the high primary sequence identity and
the conservation of AcP signatures (including the catalytic
loop and both catalytic residues) are not per se suﬃcient to
indicate AcP activity, being an incorrect orientation of cata-
lytic residues’ sidechains a possible mechanism of inactivation
[11].
The conservation of AcP during evolution is comparable to
that of proteins performing key biological functions thus
underlining its physiological importance, despite the lack of
solid information about its biochemical function(s) in cells.
In the past, it was proposed that the activity catalysing
acylphosphate hydrolysis in bacteria could be traced back to
some acid phosphatase rather than arising from a speciﬁc
AcP [12]. In this paper we describe the cloning and expression
in E. coli of an open reading frame (ORF) encoding a putative
AcP as well as the puriﬁcation to homogeneity and a prelimin-
ary catalytic and structural characterization of its product,
EcoAcP.2. Materials and methods
2.1. RT-PCR
The total RNA was prepared from overnight cultures of DH5a
(Invitrogen) strain by using RN-easy kit (Qiagen). RT-PCR (Super-
Script RT-PCR Kit, Invitrogen) was performed with ColiDir (5 0
CGCGC CATAT GTCGA AAGTC TGCAT AATTG C 3 0) and Col-
iRev (5 0 CGCGC GAATT CTTAA CGGAT ACGAA AATC GGTT
3 0) primers. Bacterial RNA preparations were subjected to PCR to ex-
clude genomic DNA contamination.2.2. ORF cloning and mutagenesis
The E. coli (DH5a) genomic DNA was puriﬁed from an overnight
culture with the Genomic Prep Kit (GE Healthcare). PCR ampliﬁca-
tion and cloning were carried out using the aforementioned primers
ColiDir and ColiRev, containing the NdeI and EcoRI restriction sites,blished by Elsevier B.V. All rights reserved.
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was obtained by the QuickChange mutagenesis kit (Stratagene) using
the 5 0 CCA TAT GTC GAA AGT CGC AAT AAT TGC CTG
GGT TT ACGG 3 0 primer and its complementary as mutagenic
sources. The mutant was controlled by automatic DNA sequencing.Fig. 1. Fifteen percentage SDS-PAGE of the puriﬁcation of wild-type2.3. Expression and puriﬁcation of recombinant EcoAcP
The 6xHIS-tagged E. coli protein and its mutant C8A were
expressed by induction with 0.1 mM isopropyl-b-thio-galactoside at
0.5 OD600. The bacterial lysates were prepared by sonication after
30 min incubation with 1.0 mg ml1 lysozyme in ice. Protein puriﬁca-
tion was achieved by aﬃnity chromatography with Ni-NTA Super-
ﬂow matrix (Qiagen) and ﬁnal in-column overnight thrombin
(Sigma Aldrich) cleavage at 4.0 C. Protein purity was checked by
15% SDS-PAGE and molecular weight was determined by mass spec-
trometry.EcoAcP stained with Coomassie. Lane 1: bacterial lysate; Lane 2:
lysate after aﬃnity chromatography; Lane 3: BioRad PrecisionPlus
molecular weight markers; Lane 4: EcoAcP (after in column thrombin
cleavage); Lane 5: 10 kDa marker; Lane 6: EcoAcP (prior to buﬀer
exchange and concentration); Lane 7: EcoAcP after buﬀer exchange
(acetate 50 mM pH 5.5) and concentration. The last lane has been
overloaded to show protein purity.2.4. Enzyme activity and free-thiol assays
AcP activity was assayed by a continuous optical test at 283 nm
using benzoylphosphate as a substrate in 0.1 M acetate buﬀer, pH
5.5. The pH optimum was determined with 5.0 mM substrate dissolved
in diﬀering buﬀers (0.1 M acetate for pH values 3–6, 0.1 M cacodilate
for pH values 6–7 and 50 mM Tris–HCl for pH values 7–9). Enzyme
activity in urea was checked using a 9.0 M stock solution freshly
prepared and deionized with an AG 501-X8 ion exchange matrix to re-
move cyanate ions. The activity after heat inactivation (in the 70–90 C
range) was assayed at 25 C within 5.0 min from the end of the incuba-
tion after rapid centrifugation. The inhibition constant Ki was deter-
mined using inorganic phosphate as a competitor at concentrations
in the 0–3.0 mM range.
Free-thiol content was determined using octyl-DTNB in 0.1 M Tris–
HCl buﬀer, pH 8.0, containing 8.0 M guanidine hydrochloride (Gdn-
HCl). Values were determined by comparison with a standard curve
built using dithiothreitol. The reaction was followed spectrophotomet-
rically at 410 nm (e410,1.0 M = 9950) until completion (15 min).2.5. Chemical and thermal denaturation
Protein samples (0.25 mg/ml concentration) were incubated at 28 C
for 1.0 h in 50 mM acetate buﬀer, pH 5.5. The incubation mixtures
contained Gdn-HCl or urea in the 0–8.0 M or 0–9.0 M concentration
range, respectively. Molar ellipticity was recorded at 228 nm (the sig-
nals below 228 nm were aﬀected by denaturant saturation eﬀect and
therefore were not suitable for measurements). For heat denaturation
studies, circular dichroism (CD) spectra in the 250–190 nm range were
recorded after incubating protein samples (0.5 mg/ml in 10 mM acetate
buﬀer, pH 5.5) at diﬀerent temperatures and for diﬀerent times, then
diluted 1:2 in water and measured in a 1.0 mm path quartz cuvette
at 28 C. Spectral deconvolutions were performed using the CDPro
package [13].3. Results
An ORF corresponding to the b0968 gene (also indicated as
yccX) encoding a putative AcP was found in the Swiss-All
database using human AcP as BLASTp query. RT-PCR was
performed on total RNA extracted from an overnight culture
of E. coli K12 cells (DH5a). A speciﬁc 290 bp amplicon con-
ﬁrmed that the b0968 gene was indeed transcribed in those
cells. The b0968 gene coding region was cloned and expressed
as a recombinant polypeptide (EcoAcP, see Fig. 1) of 95-resi-
due (92 original residues plus 3 additional residues arising from
the cloning and the thrombin cleavage sites). The exact mass of
EcoAcP was 10,579 Da, as determined by mass spectrometry.
EcoAcP contains two cysteine residues, a new structural fea-
ture in the AcP family members so far investigated. The 2 Da
shift of the Mr measured by mass spectrometry (10,579 Da)
respect to that calculated on the basis of the amino acid
sequence (10,581 Da) led us to hypothesize the presence, inthe puriﬁed protein, of a disulﬁde bridge between the two cys-
teine residues in the molecule. The presence of the disulﬁde
bridge was conﬁrmed by the absence of free-thiols in the re-
combinant protein, as assessed by the assay with octyl-DTNB
(not shown). In addition, disulﬁde bridged dimers or other
aggregated forms were not detected at signiﬁcant intensities
by dynamic light scattering nor by SDS-PAGE under non-
reducing conditions (data not shown). Finally, protein model-
ling performed on the basis of the sequence homology with
other structurally characterized AcPs (not shown) conﬁrmed
the proximity of the –SH groups of the two cysteine residues
in the protein structure.
A mutant EcoAcP (C8A) lacking the disulﬁde bond was also
produced by site-directed mutagenesis of the ﬁrst cysteine
residue and puriﬁed with the same procedure as described
for the wild type protein (see Materials and Methods). The
mutation was conﬁrmed by vector sequencing, by mass spec-
trometry (Mr = 10,549 Da) and by free thiol assay (not
shown); the latter showed a concentration of reduced cysteine
corresponding to that of the total mutant protein (as assessed
by Bradford protein assay and 280 nm absorbance) containing
a sole cysteine at position 52.
The secondary structure content of EcoAcP was determined
by deconvolution of the CD spectra recorded at 28 C and pH
5.5 in the 190–250 nm range. The data indicated the presence
of an a/b fold with a content of a-helix of about 20% and a
content of b-strand of about 30%; these values are similar to
those found in other AcPs whose structure was previously
reported and agree with the homology model. Nearly identical
secondary structure content was observed for the C8A mutant,
suggesting that the absence of the disulﬁde bridge does not
aﬀect signiﬁcantly protein secondary structure.
The enzymatic characterization of EcoAcP in comparison
with that of other AcPs is reported in Table 1. EcoAcP dis-
played a considerably reduced catalytic eﬃciency with respect
to other mesophilic AcPs. This was due mainly to the reduced
kcat (about 95 s
1) a value at least ten fold lower than those of
vertebrate AcPs and a half respect to that of the AcP from the
hyperthermophile S. solfataricus assayed at 25 C; instead,
substrate aﬃnity, as measured by the apparent Km value
Table 1
Enzymatic parameters of EcoAcPs compared with those previously reported for various AcPs (Hu-MT and Hu-CT are the human isoforms)
Enzyme kcat (s
1) pH optimum Km (mM) Ki (mM) kcat/Km (s
1 mM1)
Hu-CT [21] 841 ± 156 5.0–6.0 0.15 ± 0.01 0.59 ± 0.04 5610 ± 670
Hu-MT [22] 1224 ± 120 4.8–5.8 0.34 ± 0.03 0.75 ± 0.08 3420 ± 500
AcPDro [7] 35 ± 3 5.3–6.3 0.18 ± 0.01 0.38 ± 0.04 194 ± 20
AcPDro2 [8] 735 ± 35 4.8–5.8 0.80 ± 0.07 1.94 ± 0.20 920 ± 140
SsoAcP [10] 198 ± 20 4.7–5.7 0.36 ± 0.04 1.78 ± 0.20 550 ± 80
EcoAcP 94 ± 9 5.2–6.5 0.54 ± 0.03 1.44 ± 0.22 156 ± 15
EcoAcP C8A 90 ± 9 5.2–6.5 0.58 ± 0.08 1.33 ± 0.25 155 ± 15
Table 2
Thermodynamic parameters of unfolding of EcoAcPs determined using
equilibrium denaturation experiments compared with those previously
reported for various AcPs (Hu-MT and Hu-CT are the human AcP
isoforms)
Enzyme DGH2O
(kJ mol1)
m
(kJ mol1 M1)
Cm
(M)
Temp
(C)
Hu-CT [23] 16.6 ± 1.0a 6.3 ± 0.6a 2.6 ± 0.2a 25
Hu-MT [2] 21.3 ± 2.0a 5.3 ± 0.5a 4.0 ± 0.4a 28
AcPDro [7] 10.3 ± 1.0a 6.5 ± 0.6a 1.6 ± 0.1a 25
AcPDro2 [8] 13.9 ± 1.0a 5.5 ± 0.5a 2.5 ± 0.2a 28
SsoAcP [24] 49.0 ± 5.0b 11.4 ± 1.0b 4.3 ± 0.4b 37
EcoAcP 29.0 ± 3.0b 6.1 ± 0.6b 4.9 ± 0.5b 28
EcoAcP C8A 20.4 ± 3.5b 10.0 ± 0.9b 1.9 ± 0.4b 28
EcoAcP C8A 21.5 ± 2.0a 4.5 ± 0.6a 4.8 ± 0.5a 28
aDetermined with urea.
bDetermined with Gdn-HCl.
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AcPs. The aﬃnity of EcoAcP for phosphate, a well known
AcP competitive inhibitor (Ki = about 1.45 mM), was also sub-
stantially unchanged and comparable to those of AcPs from
less evolved organisms. The C8A mutant displayed nearly
identical enzymatic parameters, suggesting that the disulﬁde
bridge is not likely to play any major role in enzyme catalysis.
This can be explained by the modelled structure of the protein
(not shown) where the disulﬁde bridge and the catalytic site
appear to be spatially distant and separated by mobile struc-
tures.
The structural stability of EcoAcP was investigated by
chemical and thermal denaturation experiments. Initially, we
tried to denature the wild-type EcoAcP using urea; however,
the protein maintained completely its fold even in urea concen-
trations as high as 9.0 M (Fig. 2a). A complete two-state tran-
sition was observed using Gdn-HCl as a denaturant (Fig. 2b)
allowing us to interpolate the main thermodynamic parameters
(Table 2). The reversibility of the denaturation process was
conﬁrmed by preliminary folding/unfolding kinetics experi-
ments with stopped ﬂow technique, that indicated a complete
refolding in both the wild type and the C8A mutant (data
not shown).Fig. 2. Equilibrium denaturation experiments of the wild-type EcoAcP
and the C8A mutant followed with CD at 228 nm in the presence of
urea (a) or Gdn-HCl (b) at 28 C. The plots report the fraction of
unfolded protein, remarking the diﬀerent susceptibility to denaturation
of the two protein species. The corresponding thermodynamic
parameters are listed in Table 2.The considerable resistance of EcoAcP against urea denatur-
ation was conﬁrmed by the maintenance of full enzyme activity
in the presence of urea concentrations approaching 6.0 M,
whereas a slight decrease (10–15%) was found in the presence
of higher urea concentrations (Fig. 3a). Diﬀerently from the
wild-type protein, the C8A mutant showed a complete transi-
tion in the presence of either urea or Gdn-HCl (Fig. 1). As a
consequence, the activity of the mutant was completely lost
in 8.0 M urea (Fig. 2a) with a denaturation curve veryFig. 3. Activity of the wild type EcoAcP and the C8A mutant in
presence of increasing amounts of urea (a) or for diﬀerent heat
inactivation times at 90 C (b). Contrarily to the C8A mutant, the wild-
type protein is not altered by both denaturing treatments.
6766 M. Ramazzotti et al. / FEBS Letters 580 (2006) 6763–6768similar to that previously reported for the horse muscle enzyme
[14].
The thermodynamic data from equilibrium unfolding exper-
iments, reported in Table 2, indicate that the wild-type EcoAcP
possesses remarkable structural stability; indeed, the DGH2O
value (about 29 kJ mol1) is signiﬁcantly higher than those
previously reported for the investigated mesophilic AcPs
(around 10–20 kJ mol1) although considerably lower than
that of the hyperthermophilic AcP from S. solfataricus
(49.0 kJ mol1). The C8A mutant displayed considerably
reduced thermodynamic stability (about 20 kJ mol1) respect
to the wild-type protein, suggesting that the disulﬁde bridge
increases protein stability although other structural features
could also play a role in protein resistance against stressing
conditions. The m values of the two proteins, as calculated
from chemical denaturation experiments, were very diﬀerent,
suggesting a signiﬁcant diﬀerence in the exposed surface area
of both protein in the denatured state.
The resistance of EcoAcP against thermal and chemical
denaturation was further investigated by measuring enzyme
activity under the standard assay conditions within ﬁve
minutes after incubation at 90 C for diﬀering times. The wild
type protein retained most of its activity (85–90%) after 3.0 h
incubation whereas the C8A mutant was completely inacti-
vated under the same conditions (Fig. 3b) as shown by the
almost complete precipitation, indicating a substantial
irreversibility of the thermal unfolding in the latter. The CD
analysis of similarly treated samples carried out at 25 C
revealed a very limited loss of secondary structure of the
wild-type protein respect to the controls. On the contrary,
the precipitation of the C8A mutant (with a nearly absent
CD signal) conﬁrmed the substantial irreversibility of its ther-
mal unfolding (Fig. 4). Finally, the CD spectra recorded at
75 C (the upper limit of our instrumentation) showed that
both the wild-type EcoAcP and the C8A mutant maintained
a considerable amount of secondary structure at this tempera-
ture even though the C8A mutant was fully inactivated. This
demonstrates that the wild-type EcoAcP at least at tempera-
tures as high as 75 C retains its structure and full enzymatic
activity whereas the less stable C8A mutant loses, at least in
part, its fold with complete loss of activity.Fig. 4. CD spectra of the wild-type EcoAcP and the C8A mutant
before and after incubation at 90 C for 4.0 h. All the spectra are
recorded at 25 C. The wild-type protein after heat treatment displays
a CD spectrum identical to that of the untreated sample whereas the
C8A mutant lose CD signal due to precipitation.4. Discussion
In this study we have shown that E. coli cells in growing
phase are able to transcribe a gene encoding the fully func-
tional EcoAcP. All provisional and experimental data concern-
ing protein structure (CD spectra deconvolution, secondary
structure prediction, homology-based modelling and catalytic
activity) assign convincingly this protein to the AcP family.
Moreover, a very recent paper was published reporting the
NMR structure of EcoAcP supporting all our data [15].
EcoAcP displays substrate and phosphate aﬃnities typical of
the AcP family (see Table 1), and a pH optimum in agreement
with the proposed catalytic mechanism [1]. However, its kcat
value is very low when compared to that of the other AcPs
(except AcPDro) including hyperthermophilic AcPs assayed
at room temperature.
Despite the fact that EcoAcP is the ﬁrst described AcP
harbouring an intra-chain disulﬁde bridge, we found that
the bridge does not aﬀect enzyme activity possibly due to its
proposed location far from the catalytic site, whose geometry
and relative conformational ﬂexibility are likely to be main-
tained. The reduced activity of EcoAcP might result from a
non-optimal alignment of the catalytic residues in the active
site or from an increased rigidity of the molecule [16] that
does not seem to depend on the presence of the disulﬁde
bridge.
By comparing the amino acid composition of EcoAcP with
that of its mesophilic counterparts, we can observe an increase
in the hydrophobic content, possibly leading to a more
extended hydrophobic core. Another interesting structural
feature of EcoAcP is loop shortening. These structural features
are usually considered as key elements in protein stabilization
due to increased rigidity as in the case of proteins from
(hyper)thermophilic organisms [17,18]. Instead, EcoAcP does
not display any ion pair network on surface, one of the recog-
nised leading features leading to stabilization of hyperthermo-
philic proteins [19]. It is known that the structural rigidity is
often associated to a reduced enzymatic activity [16]. The
sequences of EcoAcP and the thermo-resistant SsoAcP display
a remarkable identity that is not limited to the region around
of the AcP active site signature but spans the whole sequence
(Fig. 5). Since EcoAcP possesses several features resembling
those described in thermoresistant proteins, we may speculate
that the protein is relatively poor in ﬂexibility and therefore
reduced in terms of catalytic performances, being the E. coli
habitat a mesophilic one.
The main contribution of the disulﬁde bridge to the struc-
tural and functional features of EcoAcP seems to be an
increase in protein resistance to stressing conditions such as
chemical and thermal denaturation. The DGH2O value of the
wild-type protein as calculated from equilibrium denaturation
experiments, although lower than that of the AcP from the
hyperthermophile S. solfataricus, is considerably higher than
those previously reported for other mesophilic AcPs, contrary
to what observed for the C8A mutant. The latter also displays
an m value for Gdn-HCl signiﬁcantly higher than that of the
wild type protein. The diﬀerent susceptibility of either protein
to denaturants is conﬁrmed (though being not quantiﬁable) by
their diﬀerent response to urea, that is able to denature only
the C8A mutant. This ﬁnding agrees with the widely accepted
notion that the eﬃcacy of urea as a denaturant is about half
than that of Gdn-HCl [20].
                  1        10        20        30        40
Hu-MT      -------STAQSLKSVDYEVFGRVQGVCFRMYTEDEARKIGVVGWVKNTSKGTVTG 
Hu-CT      -------AEGNTLISVDYEIFGKVQGVFFRKHTQAEGKKLGLVGWVQNTDRGTVQG 
AcPDro2    ---MAGSGVAKQIFALDFEIFGRVQGVFFRKHTSHEAKRLGVRGWCMNTRDGTVKG 
AcPDro     -------MATHNVHSCEFEVFGRVQGVNFRRHALRKAKTLGLRGWCMNSSRGTVKG 
EcoAcP     -------GSHMSKVCIIAWVYGRVQGVGFRYTTQYEAKRLGLTGYAKNLDDGSVEV
SsoAcP     MKKWSDTEVFEMLKRMYARVYGLVQGVGFRKFVQIHAIRLGIKGYAKNLPDGSVEV
Structure         bbbbbbbbbbbbbbbb     aaaaaaaaaaa   bbbbbb    bbbb
           50        60        70        80        90
Hu-MT      QVQGPEDKVNSMKSWLSKVGSPSSRIDRTNFSNEKTISKLEYSNFSIRY- 
Hu-CT      QLQGPISKVRHMQEWLETRGSPKSHIDKANFNNEKVILKLDYSDFQIVK- 
AcPDro2    QLEAPMMNLMEMKHWLENNRIPNAKVSKAEFSQIQEIEDYTFTSFDIKH- 
AcPDro     YIEGRPAEMDVMKEWLRTTGSPLSSIEKVEFSSQRERDRYGYANFHIKPD 
EcoAcP     VACGEEGQVEKLMQWLKSGG-PRSARVERVLSEPHHPSG-ELTDFRIR--
SsoAcP     VAEGYEEALSKLLERIKQG--PPAAEVERVDYSFSEYKG-EFEDFETY—-
Structure  bbbbbbbaaaaaaaaaa       bbbbbbbbbbbbb      bbbbb 
Fig. 5. Alignment of EcoAcP (the recombinant form with three N-terminal additional residues) with the AcPs from D. melanogaster, human and S.
solfataricus. The residues shared by the E. coli and S. solfataricus AcPs possibly involved in resistance to chemical and thermal stress are underlined.
The cysteine residues involved in the disulﬁde bridge (position 8 and 52 in EcoAcP) are marked in bold. The secondary structure reported (b for b-
strand and a for a-helices) is that of the bovine AcP that is shared with all vertebrate AcPs.
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EcoAcP, that are related to the protein surface area exposed
to the solvent upon denaturation, indicate that the unfolded
states of the wild type EcoAcP and the C8A mutant are diﬀer-
ent; this can be considered the result of the structural con-
straints produced by the disulﬁde bridge. Indeed, the linkage
between two sequentially distant and structured parts of the
protein could create a condition in which, in spite of the disrup-
tion of the main structural interactions, the unfolded state is
not as exposed to the solvent as in the case of the C8A mutant.
The heat inactivation experiments support also the idea that the
disulﬁde bridge optimizes folding/unfolding reversibility avoid-
ing the protein to fall into energy minima resulting in protein
denaturation and precipitation.
Interestingly, the genomes of at least 35 diﬀerent bacterial
organisms contain ORFs for putative AcPs displaying cysteine
residues at positions corresponding to those found in EcoAcP
and hence suitable to form a disulﬁde bridge, possibly as a
consequence of environmental pressure or independent evolu-
tion.
Whatever the case, it is now evident that AcP, or at least an
AcP fold with reduced enzymatic activity, arose early in evolu-
tion and is still present in the most ancient micro-organisms.
The well known properties of the disulﬁde bridge as a stabi-
lizing factor was here demonstrated to be a possible route that
AcP family adopt to increase resistance against protein dena-
turation, together to those emerged from the studies of the
AcP from the thermophilic archeon S. solfataricus.
In order to understand the functional role of AcPs, in depth
studies of functional evolution are needed. In this sense, the
puriﬁcation of the E. coli AcP can provide a model for func-
tional and structural studies aimed at improving the knowl-
edge of the AcP family.
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